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(54) Flexible wireless local networks 



(57) Apparatus (20) for mobile communications in- 
cludes a plurality of wireless local area network (WLAN) 
access points (26) at respective physical locations, 
linked together in a network (22). The access points 
have respective logical identities assigned thereto, the 



logical identities defining channelsfor use by mobile sta- 
tions (24) in a vicinity of the network in communicating 
over the air with the access points. A control unit (28) is 
coupled to convey signals over the network so as to alter 
the logical identities assigned to one or more of the ac- 
cess points. 
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within the scope of the present invention. Exemplary 
embodiments described herein are based on Bluetooth 
technology, in which the identity of a given access point 
corresponds to its unique frequency hopping pattern. 
The principles of the present invention, however, can s 
similarly be applied to other standards, such as the 
above-mentioned HiperLAN/2 standard and 802.1 1 var- 
iants. More specifically, the Bluetooth baseband module 
used in these exemplary embodiments, (as described 
in greater detail hereinbelow) maybe replaced by equiv- 10 
alent Media Access Control (MAC) chip set modules of 
other wireless technologies. In an alternative embodi- 
ment, the identity of a given access point corresponds 
to a pattern used for direct sequence spread spectrum 
transmission, for use in code division multiple access '5 
(CDMA) systems. 

[0018] In some preferred embodiments of the present 
invention, the central network control unit comprises a 
plurality of baseband modules, each configured with a 
different identity for modulating and demodulating data. 20 
The access points comprise radio modules, coupled to 
the central baseband modules through switching circuit- 
ry, which is operated by the control unit so as to assign 
the baseband module identities to the different access 
points as desired. In other preferred embodiments, the 25 
radio modules are centralized in the control unit, along 
with the baseband modules, and the switching circuitry 
comprises RF switches, so that the physical access 
points need comprise only antennas and possibly cer- 
tain RF front-end circuitry. 30 
[0019] In other preferred embodiments of the present 
invention, the identities of the baseband modules are 
programmable. Although conventional Bluetooth base- 
band modules have hard-coded identities, the identities 
of baseband modules based on other standards can be 35 
programmed, and programmable Bluetooth baseband 
modules can also be produced. The programmable 
baseband modules are built into the access points, 
along with the radio modules, and the logical identities 
of the access points are changed by sending appropri- 40 
ate programming commands from the central control 
unit to the baseband modules. 

[0020] The principles and functionality of the present 
invention, including attachment of cells to roaming us- 
ers, can be implemented using any of the programmable *s 
configurations and switched configurations described 
above. 

[0021] In some preferred embodiments of the present 
invention, the control unit acts as a central interface to 
external networks. In Bluetooth systems, each base- so 
band module typically provides a data interface and a 
circuit-switched voice (pulse code modulation - PCM) 
interface, which can linkto an external Ethernet network 
and to a PSTN, respectively. In systems known in the 
art, each of the access points must typically have an in- 55 
dependent Ethernet interface and PSTN interface (or 
must at feast have an Ethernet interface and perform 
protocol conversion to convey PCM data over Ethernet). 



In preferred embodiments of the present invention, how- 
ever, the Ethernet interface and the PSTN interface are 
required at one location only - the control unit. 
[0022] There is therefore provided, in accordance 
with a preferred embodiment of the present invention, a 
method for mobile communications, including: 

linking togethera network of wireless local area net- 
work (WLAN) access points at respective physical 
locations; 

assigning to the access points respective logical 
identities defining channels for use by mobile sta- 
tions in a vicinity of the network in communicating 
over the air with the access points; and 
altering the logical identities assigned to one or 
more of the access points by conveying a signal 
over transport links in the network. 

[0023] Preferably, altering the logical identities in- 
cludes altering the identities while the mobile stations 
are in communication with the access points, substan- 
tially without interrupting the communication. 
[0024] Further preferably, communicating over the air 
with the access points includes conveying, over the air 
and over the transport network, at least one of circuit- 
switched voice communications and data communica- 
tions. 

[0025] in a preferred embodiment, altering the logical 
identities includes transferring the identities among the 
access points responsive to movement of the mobile 
stations in the vicinity of the network. Preferably, trans- 
ferring the identities includes transferring one of the 
identities from a first one of the access points to a sec- 
ond one of the access points adjacent to the first one, 
responsive to the movement of one of the mobile sta- 
tions away from the first one of the access points and 
toward the second one. Alternatively, transferring the 
identities includes assigning a plurality of the identities 
to each of one or more of the access points so as to 
increase availability of the channels In an area of the 
network into which a number of the mobile stations have 
moved. 

[0026] In another preferred embodiment, assigning 
the logical identities includes assigning a common one 
of the identities to a plurality of the access points whose 
respective physical locations are either outside a trans- 
mission range of one another or overlap each other. In 
the later case, one logical identity may cover an area 
equivalent to many small cells - a "super-cell," serving 
a sparsely-populated area and freeing other logical 
identities for densely-populated cells. 
[0027] In a further preferred embodiment, conveying 
the signals includes reprogramming a programmable 
identity module in the access points. 
[0028] Preferably, linking together the network of ac- 
cess points includes linking the access points to a cen- 
tral control unit, and altering the logical identities in- 
cludes conveying signals over the transport network 
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from the central control unit to the access points. In a 
preferred embodiment, conveying the signals includes 
multiplexing signals at the central control unit respon- 
sive to the logical identities, and switching the multi- 
plexed signals into the transport network to be conveyed 
to the access points for demultiplexing, for either trans- 
mission over the air or for controlling the transmission 
of the access points. Preferably, switching the modulat- 
ed signals includes parallel switching of baseband sig- 
nals generated at the central control unit. Alternatively, 
switching the modulated signals includes switching 
modulated radio frequency (RF) signals generated at 
the central control unit. 

[0029] Typically, defining the channels includes deter- 
mining an air interface pattern for use in communicating 
over the air, dependent upon the logical identities. In a 
preferred embodiment, determining the air interface pat- 
tern includes determining a pattern for frequency hop- 
ping. In an alternative embodiment, determining the air 
interface pattern includes determining a pattern for di- 
rect sequence spread spectrum transmission. In anoth- 
er preferred embodiment, determining the air interface 
pattern includes setting an initial air interface pattern in 
accordance with a first wireless network technology, and 
altering the logical identities includes applying a subse- 
quent air interface pattern in accordance with a second, 
different wireless network technology. 
[0030] In still a further preferred embodiment, altering 
the logical identities includes transferring the identities 
among the access points responsive to a predetermined 
plan. 

[0031] There is also provided, in accordance with a 
preferred embodiment of the present invention, appara- 
tus for mobile communications, including: 

a plurality of wireless local area network (WLAN) 
access points at respective physical locations, 
linked together in a network, and having respective 
logical identities assigned thereto, the logical iden- 
tities defining channels for use by mobile stations 
in a vicinity of the network in communicating over 
the air with the access points; and 
a control unit, which is coupled to convey signals 
over the network so as to alter the logical identities 
assigned to one or more of the access points. 



[0032] Preferably, responsive to the signals, the ac- 
cess points are adapted to alter their logical identities 
while the mobile stations are in communication with the 
access points, substantially without interrupting the 
communication. Typically, the access points are config- 
ured to exchange at least one of circuit-switched voice 
communications and data communications over the air 
with the mobile stations. 

[0033] Additionally or alternatively, the control unit is 
adapted to alter the logical identities by transferring the 
identities among the access points responsive to move- 
ment of the mobile stations in the vicinity of the network. 



Preferably, the control unit is adapted to transfer one of 
the identities from a first one of the access points to a 
second one of the access points adjacentto thefirst one, 
responsive to the movement of one of the mobile sta- 

5 Hons away from the first one of the access points and 
toward the second one. Further additionally or alterna- 
tively, the control unit is adapted to reassign a plurality 
of the identities to each of one or more of the access 
points so as to increase availability of the channels in 

10 an area of the network into which a number of the mobile 
stations have moved. 

[0034] Still further additionally or alternatively, the 
control unit is adapted to alter the logical identities by 
transferring the identities among the access points re- 
's sponsive to a predetermined plan. 

[0035] Preferably, the control unit is adapted to assign 
a common one of the identities to a plurality of the ac- 
cess points whose respective physical locations are out- 
side a transmission range of one another. 
20 [0036] In a preferred embodiment, the access points 
include programmable identity modules, and the control 
unit is adapted to generate the signals so as to cause 
the programmable identity modules to be' repro- 
grammed with the altered logical identities. 
25 [0037] Typically, the channels have respective air in- 
terface patterns for use in communicating over the air, 
dependent upon the logical identities. In preferred em- 
bodiments, the air interface patterns include patterns for 
frequency hopping or patterns for direct sequence 
30 spread spectrum transmission. Optionally, at least one 
of the air interface patterns is set initially in accordance 
with a first wireless network technology, and the control 
unit is adapted to alter the logical identities so as to re- 
define the at least one of the air interface patterns in 
35 accordance with a second, different wireless network 
technology. 

[0038] In a preferred embodiment, the central control 
unit includes a plurality of signal modulators, which are 
adapted to modulate the signals to be conveyed over 

40 transport links in the network responsive to the logical 
identities, and switching circuitry, coupled to route the 
modulated signals via the transport network to the ac- 
cess points for transmission over the air. Preferably, the 
modulated signals include either baseband signals, ra- 

45 dio frequency (RF) signals, or intermediate frequency 
(IF) signals. 

[0039] There is additionally provided, in accordance 
with a preferred embodiment of the present invention, 
apparatus for mobile communications, including: 

50 

a plurality of wireless local area network (WLAN) 
access points at respective physical locations, 
linked together in a network, each of the access 
points including: 

55 

a baseband processing module for generating 
modulated baseband signals, the baseband 
processing module having a respective logical 
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identity programmably assigned thereto, the 
logical identity defining a pattern of modulation 
of the baseband signals for use in communicat- 
ing with mobile stations in a vicinity of the net- 
work; and 

a radio module, coupled to the baseband 
processing module and adapted to convert the 
baseband signals to radio frequency (RF) sig- 
nals for transmission over the air to the mobile 
stations; and 

a control unit, which is coupled to convey sig- 
nals over the network so as to reprogram the 
logical identity of the baseband processing 
module, thereby changing the pattern of mod- 
ulation. 

[0040] In a preferred embodiment, the pattern of mod- 
ulation includes a frequency hopping pattern used in 
transmission of the RF signals between the radio mod- 
ule and the mobile stations. 

[0041] There is further provided, in accordance with 
a preferred embodiment of the present invention, appa- 
ratus for mobile communications, including: 

a plurality of wireless local area network (WLAN) 
access points at respective physical locations, 
linked together in a network, and adapted to trans- 
mit radio frequency (RF) signals over the air to mo- 
bile stations in a vicinity of the network; and 
a control unit, including: 

a plurality of baseband processing modules for 
generating modulated baseband signals, the 
baseband processing modules having respec- 
tive logical identities defining channels for use 
in communicating over the air with the mobile 
stations; and 

switching circuitry, adapted to couple the base- 
band processing modules to the access points 
so that the access points transmit the RF sig- 
nals on respective ones of the channels as- 
signed by the switching circuitry. 

[0042] Preferably, the wireless access points include 
radio modules, which are coupled to receive the base- 
band signals generated by the baseband processing 
modules and to generate the RF signals responsive 
thereto. 

[0043] Alternatively, the control unit further includes a 
plurality of radio modules coupled to the baseband 
processing modules so as to generate the RF signals 
responsive to the baseband signals, and the switching 
circuitry includes RF switching circuitry, which is adapt- 
ed to convey the RF signals to the access points for 
transmission. 

[0044] In a preferred embodiment, at least one of the 
access points includes a plurality of antennas, and the 
switching circuitry is adapted to couple the baseband 



processing modules to the at least one of the access 
points so that each of the plurality of the antennas trans- 
mits the RF signals over the air on a respective one of 
the channels. 

s [0045] The present invention will be more fully under- 
stood from the following detailed description of the pre- 
ferred embodiments thereof, taken together with the 
drawings in which: 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] 

Fig. 1 is a block diagram that schematically illus- 
'5 trates a wireless local area network (WLAN), in ac- 
cordance with a preferred embodiment of the 
present invention; and 

Figs. 2-7 are block diagrams that schematically 
shows details of wireless network access appara- 
20 tus, in accordance with various preferred embodi- 
ments of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

25 

[0047] Fig. 1 is a block diagram that schematically il- 
lustrates a flexible wireless local area communication 
system 20, in accordance with a preferred embodiment 
of the present invention. By way of example, It will be 
so assumed that system 20 is based on Bluetooth technol- 
ogy, operating at around 2.4 GHz, as described above. 
Alternatively, the principles embodied in system 20 may 
be implemented using other WLAN technologies, in- 
cluding different frequency bands, different signal mod- 
35 ulation and multiplexing schemes, and different data link 
and network communication protocols. 
[0048] System 20 comprises a network 22 of gener- 
ally fixed access points 26 (labeled AP1 , AP2, ...), which 
serve mobile stations 24 (MS1, MS2, ...) in a vicinity of 
40 the network. Typically, in a Bluetooth-type or other 
WLAN system, the access points are mounted on walls 
and ceilings in a building or other facility in which net- 
work 22 is deployed. A central control unit28 comprises 
multiple logical identity modules 30 (ID1 , ID2, ...), which 
45 are assigned by the control unitto access points 26. The 
identity modules in the control unit, transport network 
(represented by transport channels 32) and front-end 
circuitry of the access points may take different forms, 
as shown in Figs. 2-7 below. Control unit 28 communi- 
so cates with access points 26 via transport channels 32, 
which typically comprise coaxial cables or other media 
suitable for carrying signals between the control unit and 
access points. These signals include the signaling re- 
quired for assignment of the different logical identity 
modules 30 to respective access points 26. 
[0049] A processor 34 manages the functions of con- 
trol unit 28 and, by extension, of system 20 as a whole. 
Processor 34 typically comprises an embedded micro- 
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processor or a general-purpose computer processor, 
which is programmed to assign the identity modules to 
the access points in response to conditions in network 
22, and to reassign the identity modules when required. 
Preferably, processor 34 learns the conditions of the 
network in real time and uses this information in assign- 
ing the access point identities. A variety of methods may 
be used for this purpose. For example, signal strength 
levels from each mobile station may be measured at the 
serving access point, which is currently communicating 
with the mobile station and, selectively, at neighboring 
access points, which are temporarily assigned the same 
identity. When the signal strengths indicate that a certain 
mobile station may be served better from one of the 
neighboring access points, the identity of the serving ac- 
cess point is preferably transferred to the neighboring 
access point. The original access point may or may not 
stay connected to the logical identity which is now linked 
to the neighboring access point. Alternatively or addi- 
tionally, the assignment of identity modules may be ac- 
tivated in accordance with a pre-planned program. For 
example, when many mobile stations are expected to 
appear in a particular location at a certain time (such as 
at an arrival gate in the airport, ten minutes after land- 
ing), extra identities may be assigned to access points 
near the location. 

[0050] Preferably, processor 34 is also linked to an ex- 
ternal network 36, such as a local area network (LAN), 
wide area network (WAN), Internet, PLMN, PSTN, or 
other network types known in the art. Such links enable 
mobilestations 24 to access services of the external net- 
work via access points 26, using only a single interface 
between external network 36 and control unit 28. 
[0051] As noted above, in Bluetooth networks, the 
"identity" of an access point corresponds to its unique 
48-bit address and clock, which determine the frequen- 
cy hopping pattern that the access point will adopt as 
piconet master. In network 22, this identity is embodied 
in modules 30, either in hardware or software, as de- 
scribed below. The frequency hopping pattern that each 
of access points 26 is to carry out is conveyed directly 
or indirectly to the access point via channels 32, rather 
than being fixed in the hardware of the access point as 
in Bluetooth networks known in the art. The same iden- 
tity module 30 (say ID1) can even be assigned to mul- 
tiple access points 26 simultaneously - a feature that 
does not exist in networks, such as Bluetooth, in which 
the identities of the access points are fixed. 
[0052] Preferably, this identity swapping mechanism 
is used as an intermediate stage in the handover proc- 
ess. For example, assuming mobile station MS1 to be 
slaved to access point AP1 and to be moving from left 
to right in the figure plane of Fig. 1 , the logical identity 
of AP1 may be transferred to AP2 in a manner transpar- 
ent to the mobile station. MS1 is thus handed over from 
AP1 to AP2 while remaining unaware that the physical 
identity of its master has changed, and maintaining the 
same frequency hopping pattern without interruption, in 



this way, the moving mobile station is served by a "mov- 
ing cell" that is associated with it. 
[0053] As another example, when mobile stations 24 
are unevenly distributed in the area of network 22, sev- 
5 eral identity modules 30 can be assigned to one access 
point 26, or many identity modules 30 can be assigned 
to several access points 26 in a correspondingly uneven 
manner. This feature does not exist in WLANs known in 
the art, and cannot be supported by systems in which 
io the logical identities of the access point are fixed. In this 
configuration, an access point is assigned several dif- 
ferent identities, so as to create a numberof overlapping 
cells in the same location and support a larger number 
of mobile stations. For example, in the case of the Blue- 
's tooth standard, each piconet can support no more than 
seven active mobile stations simultaneously. With multi- 
identity configuration, however, each access point can 
support several piconets, say three piconets, for a total 
of 21 active mobile stations.) The same identity may also 
20 be assigned simultaneously to different, mutually-dis- 
tant access points in areas of the network that are 
sparsely populated with mobile stations. In effect, this 
assignment creates a single cell that is geographically 
non-contiguous. The same identity can also be as- 
25 signed to contiguous cells, creating a large "super-cell" 
of flexible shape. 

[0054] The individual identities of identity modules 30 
may correspond not only to the relevant frequency and/ 
or timing characteristics of access points within a single 
30 network technology, but may also refer to different net- 
work technologies that are within the transmission/re- 
ception capability of access points 26 and are supported 
by channels 32 of the transport network. For example, 
assuming that the access points are equipped to oper- 
as ate in the 2.45 GHz band with 100 MHz bandwidth, 
some of the identity modules may have Bluetooth iden- 
tities, while others may have identities corresponding to 
different protocol and air interface schemes, such as 
IEEE 802.11b. Depending on the implementation de- 
40 tails, any given access point in network 22 can be as- 
signed to serve either Bluetooth, HiperLAN/2 or 
802. 11 -type mobile stations, and can be later reas- 
signed to serve other types if required. In this manner, 
the system can serve mobile stations in a preferred 
45 manner by allowing different types of wireless commu- 
nication standards. The system can also allow stand- 
ards that interfere with each other to co-exist by imple- 
menting spatial multiplexing. 

[0055] Fig. 2 is a block diagram that schematically 
50 shows details of network 22, illustrating a method for as- 
signment of identities to access points 26, in accordance 
with a preferred embodiment of the present invention. 
In this embodiment, identity modules 30 (Fig. 1 ) are soft- 
ware entities, stored in a memory 38 of control unit 28 
55 and assigned to access points 26 by processor 34 (Fig. 
1 ) by sending software messages to the access points. 
Forthe case of Bluetooth standard, each such software 
entity comprises a database entry that includes the 
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48-bit address and any other data required for re-pro- 
gramming of the access point identity, such as a pseu- 
do-random clock phase associated with the logical iden- 
tity. 

[0056] Each access point 26 comprises a program- 
mable baseband module 40 and a radio module 42, con- 
nected to an antenna 44. Unlike the baseband modules 
of Bluetooth transceivers known in the art, whose iden- 
tities are typically hard-coded, the identity of module 40 
is determined by assignment messages from control 
unit 28 sent through transport channels 32. When the 
baseband module receives such a message, it updates 
its address, sets its clock phase as required and per- 
forms any additional process required to adopt the new 
identity. This specific scheme allows assignment of just 
one identity module to each physical access point. 
[0057] Fig. 3 is a block diagram that schematically 
shows details of network 22, in accordance with another 
preferred embodiment of the present invention. In this 
case, baseband modules 40 are contained in control 
unit 28, physically separate from radio modules 42. The 
baseband modules may be standard Bluetooth base- 
band chips, with hard-coded identities. A switch matrix 
50 connects the baseband modules to the appropriate 
radio modules, preferably under the control of processor 
34 (Fig. 1 ) The switch matrix is a N x M matrix, connect- 
ing N baseband modules to M radio modules, most pref- 
erably over digital transport channels. It is not necessary 
that N and M be equal, and network 22 may comprise 
either excess baseband modules (i.e., excess identities) 
or excess access points, depending on the intended ap- 
plication and use profile of the network. Some embodi- 
ments may allow extreme cases such as M=1 . 
[0058] Switch matrix 50 may, in general, represent a 
set of switch matrices. The number of switch matrices 
in a set depends on the number of different signals that 
must be transferred in parallel between one baseband 
module and one radio module. For example, there are 
typically seven or eight different signals exchanged be- 
tween a Bluetooth baseband module and a Bluetooth 
radio module. The signals comprise, inter alia, a Trans- 
mit signal, Receive signal, Signal Strength indication, 
and Clocks. 

[0059] Fig. 4 is a block diagram that schematically 
shows details of network 22, in accordance with yet an- 
other preferred embodiment of the present invention. In 
this embodiment, baseband modules 40 in control unit 
28 are coupled to radio modules 42 by a switch matrix 
54, which typically includes one matrix of switches for 
transmission and another for receiving signals. In the 
transmission part, the different signals that convention- 
ally run in parallel between a baseband module and a 
radio module are preferably multiplexed into one com- 
bined signal by a multiplexer 52, and are then switched 
by the single switch matrix 54 and transported through 
the transport network to access points 26. In this em- 
bodiment, each access point includes a demultiplexer 
56, which receives the combined signal and outputs the 



different parallel signals required to drive radio module 
42. A similar but opposite configuration is duplicated for 
the receive portion of the system. 
[0060] Fig. 5 is a block diagram that schematically 
5 shows details of network 22, in accordance with still an- 
other preferred embodiment of the present invention. 
Here, both baseband modules 40 and radio modules 42 
are contained in control unit 28, and are connected to 
access points 26 via a RF switching matrix 60. The ac- 
10 cess points in this case comprise antennas 44 and con- 
tent-limited RF front-end circuits 62, such as RF filters 
and low-noise amplifiers, as are known in the art. Chan- 
nels 32 comprise media suitable for carrying RF signals, 
such as high-frequency coaxial cables or optical fibers 
*s (in which case front-end circuits 62 and the outputs of 
RF switching matrix 60 must include suitable conversion 
components). In a variant of this scheme, the switching 
matrix itself may comprise one or more optical switches. 
[0061] Fig. 6 is a block diagram that schematically il- 
20 lustrates an alternate configuration of network 22, in ac- 
cordance with a preferred embodiment of the present 
invention. In this embodiment, in the transmission path, 
the RF output from radio modules 42 at 2.4 GHz (for 
example) is downconverted to an intermediate-frequen- 
25 C y (IF) signals, at around 100 MHz, for example, by 
downconverters 70. By downconverting the signal, the 
burden on the switch matrix is relaxed and a lower-fre- 
quency Tx video switch matrix 74 may be used instead. 
The output of the switch matrix 74 is conveyed by trans- 
30 port network 32 to access points 26. Once again, the 
burden on the transport network is relaxed in terms of 
high-frequency transport. In this case, the access points 
include upconversion circuitry 76 and Tx front end cir- 
cuits 78 for 2.4 GHz RF operation. The receiving path 
35 duplicates the transmission path, with Rx front end cir- 
cuits 80 and downconversion circuitry 82 at the access 
points, passing signals via a Rx switch matrix 84 to up- 
converters 72 at the control unit. 
[0062] An important advantage of the configuration 
40 shown in Fig. 6 is that it can use standard chip-sets in 
control unit 28, without the need for transport network 
32 to operate at high frequency. Standard chip-sets for 
the Industrial/Scientific/Medical (ISM) band transmit 
and receive at 2.4 GHz. Alternatively, a dedicated trans- 
45 ceiver may be designed with IF output and input, for ex- 
ample at 100 MHz. In this case, only access points 26 
must have upconversion and downconversion circuits. 
[0063] Switch matrix 74 has N inputs (from N radio 
modules 42) and K outputs (directed to K access points 
so 26), while switch matrix 84 has K inputs and N outputs. 
K is not necessarily equal to N. Several radio modules 
can be directed to one front end, thereby increasing the 
capacity at one cell on a fixed or variable basis. Alter- 
natively, each radio module may be connected to more 
ss than one access point, in which case the area covered 
by a given pico-cell is effectively increased. 
[0064] Fig. 7 is a block diagram that schematically 
shows details of network 22, in accordance with yet an- 
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other preferred embodiment of the present invention. 
This embodiment combines elements of the two preced- 
ing embodiments. A set 88 of sixteen baseband and ra- 
dio modules is coupled by a switch matrix 90 to four ac- 
cess point front ends 92. In the embodiment shown in s 
the figure, each front end supports four separated an- 
tennas, which serve four respective, non-overlapping pi- 
co-cells, depending on the signals conveyed to the front 
end by switch matrix 90. The numbers of components 
(baseband modules, access points, antennas) in this 10 
configuration are illustrative only. 
[0065] The configurations of Figs. 5, 6 and 7 are par- 
ticularly advantageous in multi-technology network sys- 
tems, as mentioned above, in which access points 26 
can be assigned to implement different network technol- is 
ogies within the same general frequency range. For this 
purpose, certain of radio modules 42 may be Bluetooth 
modules, for example, while others are IEEE 802.11b 
modules. RF switching matrix 60 then determines which 
type of module will be coupled to each of the access 20 
points. 

[0066] It will be appreciated that the preferred embod- 
iments described above are cited by way of example, 
and that the present invention is not limited to what has 
been particularly shown and described hereinabove. 25 
Rather, the scope of the present invention includes both 
combinations and subcombinations of the various fea- 
tures described hereinabove, as well as variations and 
modifications thereof which would occur to persons 
skilled in the art upon reading the foregoing description 30 
and which are not disclosed in the prior art. 

Claims 

35 

1. A method for mobile communications, comprising: 

linking together a network (22) of wireless local 
area network (WLAN) access points (26) at re- 
spective physical locations; <*o 
assigning to the access points respective logi- 
cal identities defining channels for use by mo- 
bile stations (24) in a vicinity of the network in 
communicating over the air with the access 
points; and 45 
altering the logical identities assigned to one or 
more of the access points by conveying signals 
over the network. 

2. A method according to claim 1 , wherein altering the so 
logical identities comprises transferring one of the 
identities from a first one of the access points to a 
second one of the access points adjacent to the first 
one, responsive to movement of one of the mobile 
stations away from the first one of the access points ss 
and toward the second one. 

3. A method according to claim 1 or 2, wherein altering 



the logical identities comprises assigning a plurality 
of the identities to each of one or more of the access 
points so as to increase availability of the channels 
in an area of the network into which a number of the 
mobile stations have moved. 

4. A method according to any of the preceding claims, 
wherein assigning the logical identities comprises 
assigning a common one of the identities to a plu- 
rality of the access points whose respective physi- 
cal locations are outside a transmission range of 
one another. 

5. A method according to any of the preceding claims, 
wherein linking together the network of access 
points comprises linking the access points to a cen- 
tral control unit (28), and 

wherein altering the logical identities compris- 
es conveying the signals over the network from the 
central control unit to the access points by multi- 
plexing the signals at the central control unit respon- 
sive to the logical identities, and switching the mul- 
tiplexed signals in the network to the access points 
for demultiplexing and transmission over the air. 

6. A method according to any of the preceding claims, 
wherein defining the channels comprises determin- 
ing an air interface pattern for use in communicating 
over the air, dependent upon the logical identities. 

7. Apparatus (20) for mobile communications, com- 
prising: 

a plurality of wireless local area network 
(WLAN) access points (26) at respective phys- 
ical locations, linked together in a network (22), 
and having respective logical identities as- 
signed thereto, the logical identities defining 
channels for use by mobile stations (24) in a 
vicinity of the network in communicating over 
the air with the access points; and 
a control unit (2B), which is coupled to convey 
signals over transport links (32) in the network 
so as to alter the logical identities assigned to 
one or more of the access points. 

8. Apparatus according to claim 7, wherein the control 
unit is adapted to alterthe logical identities by trans- 
ferring the identities among the access points re- 
sponsive to movement of the mobile stations in the 
vicinity of the network. 

9. Apparatus according to claim 7 or 8, wherein the 
central control unit comprises: 

a plurality of signal modulators (40), which are 
adapted to modulate the signals to be con- 
veyed over the network responsive to the logi- 
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cal identities; and 

switching circuitry (50), coupled to route the 
modulated signals via the network to the ac- 
cess points for transmission over the air. 

5 

10. Apparatus according to any of claims 7-9, wherein 
the channels have respective air interface patterns 
for use in communicating over the air, dependent 
upon the logical identities. 

10 
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linked together in a network (22). The access points 
have respective logical identities assigned thereto, the 
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